Abstract The extent of noise and its impacts continues to grow globally indicating a different approach from regulating individual noise sources is needed. We pose the argument that soundscapes, or the acoustic environment, should be managed as a common-pool resource (CPR). Using CPR theory, we argue that soundscapes possess key features of CPRs: (1) multiple soundscape users, (2) difficulty of exclusion, and (3) subtractability and degradation. Using Ostrom's Social-Ecological Systems (SES) framework, we describe the main elements of soundscapes to consider for their sustainable management. In order to assess noise issues and challenges in managing national park soundscapes, we conducted interviews with U.S. National Park Service managers at parks identified as having air tour overflight impacts. While most managers indicated that aircraft overflights posed the most serious impacts to park resources and visitor experiences, the park units also experienced several other types of noise impacts including traffic on park roads, park maintenance operations, and different types of motorized recreational vehicles. Addressing single sources of noise is necessary, as is the case with air tour overflights, but we argue that a more comprehensive approach is needed to protect park soundscapes. From this study several SES framework variables emerged that need to be addressed for sustainable management, such as the lack of clear soundscape boundaries, availability of acoustic monitoring and data, and the number and types of soundscape users. Based on CPR theory and using the SES framework, the challenges and a potential new approach for sustainable management are discussed.
Introduction
Humans have altered the Earth's ecosystems and biodiversity significantly (Chapin et al. 2000; MEA 2005) . Between 40 and 50% of the ice-free land has been transformed by humans into agriculture or urban systems (Foley et al. 2005; Haberl et al. 2007 ). As land is converted to human-dominated systems, biodiversity and natural sounds are lost (Wrightson 2000; Pijanowski et al. 2011b ). The loss of natural sounds is compounded by the growing intrusions of motorized noises. Noise pollution is a ubiquitous problem in cities around the world, and these unwanted sounds have become the focus of regulations and frustrations in recent years. Indeed, it has been argued that we ought to focus our efforts on preserving the quieter, unique, and natural sounds of an area, since these are becoming rare (Schafer 1994) .
The soundscape, or entire acoustic environment of a given area, is a resource just as air and water are resources, and it too can be degraded and polluted by human actions (Krause 1987; Schafer 1994; Truax 1999) . It is argued that an unimpaired soundscape is a right of all people, a right that should not be masked by noise, defined as unwanted sounds or unhealthy sound levels (Franklin 2000; Karlsson 2000 ). Yet, the saliency of this issue has not taken hold in the United States as soundscapes continue to be impacted by unnatural sounds (Blomberg et al. 2003; Miller 2008) . Managing and protecting park and related area soundscapes is a growing concern as noise is spreading to more remote areas, including national parks, due to air travel, motorized recreation, and urban sprawl (Miller 2008) . Increasing human generated noise and the lack of a national policy provide impetus for a different approach.
In this paper we summarize the challenges of managing soundscapes, and in particular, those in national parks. We first summarize policies that have been created to manage sound (mostly as noise) in the United States and elsewhere. We then present an alternative view of managing soundscapes using Common-Pool Resource (CPR) theory which Ostrom et al. (1999) argue can be utilized to manage natural resources sustainably. We structure soundscape management also around the Social-Ecological Systems (SES) framework so that we might identify subsystem variables involved in self-organization which would lead to soundscape sustainability (Ostrom 2007 (Ostrom , 2009 McGinnis and Ostrom 2011) . We then summarize interviews with National Park Service (NPS) managers from parks previously identified as having air tour overflight impacts (Voorhees and Krey 1999) in order to assess the extent of noise issues, as well as the challenges of soundscape management. Following from these presentations, our discussion focuses on addressing the following questions: (1) Can CPR theory be used to understand and inform soundscape management?; and (2) What SES framework variables that apply to national park soundscape systems make them more or less difficult to manage sustainably? We argue that formalizing soundscapes as a common-pool resource shifts the management paradigm from a command-and-control necessity to a resource that needs to be managed sustainably. We also briefly discuss, within the Ostrom SES framework, what we believe is the ''way forward'' using a common-pool resource management paradigm to manage soundscapes.
Current soundscape and noise governance issues
The direct or indirect management of soundscapes primarily has been in the form of federal policies. The approach employed by the U.S. government to address noise is neither effective nor sustainable. The former national noise policy, the Noise Abatement and Control Act of 1972 (NCA), is no longer enforced and the Environmental Protection Agency is not funded to address noise issues. Despite the efforts made in the 1970s, ''not a single federal emission regulation promulgated by the EPA in a major source of noise remains operative today'' (Beranek and Lang 2003, p. 125) . Prior to the termination of funding, the EPA faced several challenges in implementing NCA. Researchers have speculated on the reasons for this noise policy failure including lack of clearly defined implementation mechanisms and the confrontational approach to working with industries (Finegold et al. 2002) . The command and control approach to natural resource management is a seemingly straightforward solution. However, this approach is best applied to resource problems that are simple and well-defined (Holling and Meffe 1996) , and soundscape conservation is neither (Schafer 1994; Miller 2008) .
Internationally, the European Union has the European Directive on Noise, which addresses noise levels in urban areas and also incorporates protection for less noise-impacted rural and natural areas (European Union 2002) . This policy directs that noise impacts are to be mapped in urban areas and unacceptable levels addressed. Rural and natural area soundscapes are to be identified in order to protect them from future impacts. In the United States, early indications that sounds and landscapes are integrated, the Wilderness Act of 1964 designates a wilderness system that limits motorized vehicle use to protect wilderness character that clearly encompasses sounds. As this policy states, the impetus for designating wilderness arose from need to ensure that ''increasing population, accompanied by expanding settlement and growing mechanization, does not occupy and modify all areas within the United States'' (Wilderness Act 1964).
In response to initial noise disturbance findings and overflight safety issues, the National Park Overflights Act of 1987 (P.L. 100-91) was passed. This legislation required the NPS to determine the impact from overflights on the national park unit resources and visitors. It also mandated that an overflight plan for Grand Canyon National Park be developed. The NPS conducted research of park visitor perceptions and found that natural sounds were as important to most visitors as the scenic views (NPS 1995) . From subsequent research, the impacts from air tour overflights in the national parks warranted the passing of the National Parks Air Tour Management Act (NPATMA) in 2000. NPATMA mandates that national park units with air tours work with the Federal Aviation Administration (FAA) to develop air tour management plans (ATMPs).
NPATMA initiated the formation of two organizations to assist with the development of park ATMPs: (1) the NPS Natural Sounds Program (now the Natural Sounds and Night Skies Division) to assist parks with technical expertise and the environmental review process and (2) the National Park Overflight Advisory Group (NPOAG) representing key stakeholders to provide counsel during the plan development. The air tour management planning process involves the collaboration of NPS, FAA, air tour operators, Native American tribes, environmental organizations, and interested citizens. NPOAG is developing the rules for interaction between NPS, FAA and the different users groups. The development of roles and rules for this process has taken much longer than originally estimated and not one ATMP has been finalized for any of the 106 park units with air tours (FAA 2010; GAO 2006) . Of note, NPATMA does not apply to air tours over Alaskan national park units.
The National Parks Overflight Act and NPATMA are two related federal policies that address one type of soundscape impact. These federal policies are an attempt to protect national park soundscape resources, but they still take a noise mitigation approach. However, if air tours are the only source of soundscape degradation at those park units, then this would be an effective way to address soundscape management. We believe that soundscape management requires different approaches since they are, as we argue next, common-pool resources.
Considering soundscapes as common-pool resources
The U.S. National Park Service (NPS) has identified park soundscapes as a resource worth protecting (NPS 2006) . The NPS defines natural soundscapes as ''all the natural sounds that occur in parks, including the physical capacity for transmitting those natural sounds and the interrelationships among park natural sounds of different frequencies and volumes '' (2006, p. 56) . In the NPS 2006 management policies, soundscapes are addressed as a unique resource that should be protected from impacts and restored in situations where they have been degraded by unnatural sounds. In addition to natural sounds, cultural and historical human-generated sounds, such as cannons at Civil War battlefields, are important soundscape components at some parks. The NPS recognizes the importance of healthy soundscapes for park visitor experiences, wildlife survival in the parks, and the intrinsic value of a rapidly disappearing resource (Miller 2008) .
Recognizing these resource characteristics allows researchers to examine the core theoretical problems in managing them (Ostrom 1990 ). Common-pool resources (CPR) are resources (1) that are used by multiple users, (2) where their use by one user results in subtractability of use or benefit to other users, and (3) where the exclusion of users is difficult and costly. CPRs can be differentiated from other types of resources based on the difficulty of exclusion and level of subtractability of use (Ostrom 1990 ) as illustrated in Table 1 . CPRs, unlike pure public goods (Table 1) , are subject to subtractability of use that can result in overuse, degradation, congestion, and destruction of the resource system (Ostrom et al. 1999) . Also, unlike private goods (Table 1) , characteristics of CPRs make excluding beneficiaries from the resource difficult.
Based on these characteristics, we believe that soundscapes are best classified as CPRs for several reasons. First, soundscapes have multiple users or beneficiaries and demonstrate high difficulty of exclusion and high subtractability of use. Using national park soundscapes as the case study, many different users and beneficiaries can be identified. Park soundscape users include a multitude of park visitor types from contemplative recreationists, backcountry hikers, campers, wildlife viewers, motorized vehicle recreationists, tour groups, and overlook visitors. Park staff including maintenance workers, resource managers, and interpretative staff also use park soundscapes. The multiple benefits and values of park soundscapes as a resource have been addressed in research on park visitor experience (NPS 1995) , landscape perception (Carles et al. 1999) , and natural soundscape values (Fisher 1998) . Unimpaired or high-fidelity soundscapes have been found to provide several benefits to humans, such as improved health (Berglund and Lindvall 1995; Stansfeld and Matheson 2003) , cultural and historical connections (Torigoe 2003; O'Connor 2008) , sense of place (Schafer 1994) , and aesthetics (Fisher 1998) . Researchers are also interested in soundscapes reflecting environmental quality (Krause and Gage 2003; Qi et al. 2008; Sueur et al. 2008; Pijanowski et al. 2011b) . Additionally, there is growing evidence of the importance of soundscape quality for several wildlife species (Rheindt 2003; Patricelli and Blickley 2006; Wood and Yezerinac 2006; Swaddle and Page 2007; Riós-Chelén 2009; Barber et al. 2010, Barber et al. in review; Francis et al. 2011) .
Second, the characteristics of the soundscape resource make excluding potential users very difficult. Soundscapes do not have clearly defined boundaries to designate varying types of rights or uses. Even within national park boundaries, sounds from outside the park can be heard within and sounds from within the park can travel outside. Sounds comprising a soundscape can vary in scale from local in nature to entire landscapes increasing the difficulty of allocating rights to the resource. The difficulty of excluding users would not be an issue if the multiple values and uses associated with an entire soundscape did not conflict or cause subtractability.
Third, subtractability of soundscapes is manifested in many ways. Subtractability of a resource typically can refer to degradation, congestion, alternative use, over-exploitation, alienation of traditional users, and inter-user conflicts (Ostrom 1990; Dietz et al. 2003; Vail and Heldt 2004; Manning 2007) . The soundscape resource system has identifiable resource units that can be appropriated and used by humans and wildlife. A spectrogram provides a visual representation of the soundscape plotted as sound frequency (kHz) and sound intensity (decibels, portrayed as color) over the recording time (seconds) (Fig. 1) . The resource units are the acoustic spaces available for sending and receiving sound signals. Sound signals, such as wildlife communications or the natural ambient sounds of parks, can be masked by some users. Masking is the process by which sound detection and perception is diminished by the (Barber et al. 2010) . There is a limited acoustic space for signal transmission within the range of hearing for all sound producing organisms. Masking can also occur when a sound intensity level is higher than other sounds reducing their detection by a receiver (Barber et al. 2010 ). In Fig. 1 , the resource units previously used by the nighthawk were masked three times by motorized vehicles during the sixty-second recording. Depending on the ambient conditions of the soundscape, the receiver, and the intensity and number of other sounds, the threshold of detection would shift demonstrating that more or fewer resource units are available for appropriation. The level of subtractability can be considered a function of the how often and to what extent natural sounds or the soundscape conditions deemed appropriate are masked.
We are beginning to understand the extent to which noise or anthrophony impacts animal communication (see Warren et al. 2006 for an excellent summary of urban bioacoustics and Barber et al. 2010 for an excellent review of impacts of noise on animal communication and wildlife physiology). In regard to wildlife, subtractability of the soundscape could mean that acoustic communication or important sound signals used for survival are masked by other sounds. While CPR theory traditionally has a human-centered focus, the Social-Ecological Systems (SES) framework developed by Ostrom (2007) incorporates biophysical elements and the related ecosystem services, as well. Within this framework, ecological outcomes, such as wildlife impacts, are recognized considerations.
Noise from motorized transportation and recreation, visitors, park operations, and a multitude of other sources subtracts from the availability of accessing a healthy soundscape for humans, as well. The acoustic spaces that contain natural sounds, quiet, or reflect the cultural or historic nature of the park can be masked by noise subtracting the ability of people to access that soundscape. For instance, park visitors to a natural park setting with a degraded soundscape would no longer access the benefits from the soundscape, such as aesthetics, a sense of solitude, and the ability to hear natural sounds. Communication between park interpreters and visitors and between visitors themselves also can be masked by noise.
In multiple-use settings, such as national parks, balancing all interests involved can be complex. National park soundscapes can be considered degraded when they do not protect park resources, such as wildlife or historic structures, or no longer provide for quality visitor experiences at the park. Overexploitation of soundscapes can be caused from concentrated amounts of noise generating activities in localized areas. This would result in impacts to visitors seeking other benefits from park soundscapes and reciprocal impacts to those creating the noise. Soundscape users who subtract from the quality of the resource might be unaware of their impacts to other users meaning that the subtractability might be asymmetrical in some cases. A study by Vail and Heldt (2004) identified that snowmobile recreationists negatively impacted non-motorized recreationists, landowners, and conservationists in a number of ways that did not directly affect snowmobilers themselves. Yet, the same study identified that reciprocal impacts to motorized recreationists manifested in reduced benefits and increased costs, such as crowding, air pollution, and trail deterioration. Similarly indirect reciprocal effects could apply to noise producers that are not as sensitive to degraded soundscapes, but would experience a loss of other benefits due to unsustainable use of the soundscape resource.
Soundscapes can be compared to other CPRs when there are no rules of use, such as oceans, the atmosphere, and recreational landscapes, where resource degradation or carrying capacity reduction due to pollution added to the system reduces the benefits and subtracts from its use by others (Burger and Gochfeld 1998) . The noise pollution added to the soundscape limits the availability of healthy soundscapes and the flow of benefits for other users to access (Franklin 2000) . Even Hardin (1968) addressed the issue of noise pollution of open access soundscapes stating ''There is almost no restriction on the propagation of sound waves in the public medium. The shopping public is assaulted with mindless music, without its consent. Our government is paying out billions of dollars to create supersonic transport which will disturb 50,000 people for every one person whisked from coast to coast 3 h faster'' (p. 1248).
CPR is not a foreign concept to ecologists. Indeed, one of the most highly cited papers in ecology is Hardin's (1968) classic ''Tragedy of the Commons'' paper in Science which examines natural resource use in open access areas. Hardin (1968) describes the inevitable ''tragedy'' that results in the case of an open-access grazing CPR. He argues that rational herdsmen are compelled to maximize their benefits without regard to the carrying capacity of the CPR resulting in ''ruin to all'' (Hardin 1968 (Hardin , p. 1244 . The characteristics of CPRs described in this way lead to many challenges; two of the primary challenges identified are appropriate allocations of use and limiting access (Ostrom et al. 1999; Dietz et al. 2003) . In this setting without rules or incentives to graze sustainably, the herdsmen followed their own rational short-term interests. In a CPR system, this can result in ''free-riding'', or using the resource without concern for future outcomes and rent dissipation (Ostrom et al. 1999) . User incentives to free-ride result in increasing use and decreased sustainability of the CPR. The difficulty of excluding users who could benefit from the CPR leads to additional pressures on resource carrying capacity. Ostrom (1990) argues that there needs to be agreement between individual incentives and the collective interest in the sustainability of resource systems. For soundscapes, these challenges of allocating use, limiting access, and aligning incentives are relevant management issues.
Use of the Social-Ecological Systems (SES) framework
The Social-Ecological Systems (SES) framework helps to structure information on relationships between hierarchical variables, subsystems and their variables, and provides a means to consider the suite of potential variables that affect the sustainability of a resource system in a comprehensive manner (Ostrom 2007 (Ostrom , 2009 McGinnis and Ostrom 2011) . We use this framework to describe the SES of national park soundscapes and provide possible framework variables to consider for researching and managing park soundscapes (Fig. 1) . Situated within the larger social and ecological setting are four subsystems: resource units (sounds), soundscape system, actors or users, and governance systems. Resource units that need to be considered include composition of sounds from various sources and their spatial and temporal distribution. The soundscape system would vary based on park characteristics, visitor use zones, surrounding land uses, temporal dynamics, among others. The governance system includes federal, state, local and park policies, user rights and monitoring. Actor or user variables could include the number and type of users, the importance of the resource, the norms surrounding uses and rights that affect soundscapes, i.e., the use of personal motor vehicles within national parks, and user group's leadership. The action situations comprise the interactions between actors and the different outcomes. There are numerous linked action situations that could apply to national park soundscape management, such as the interactions between different soundscape users and the outcomes, NPS management actions and outcomes for different users groups, and soundscape users and wildlife interactions and outcomes.
Within the SES framework (Fig. 2 ) several variables have been identified that contribute to the likelihood of resource users self-organizing to overcome common-pool resource dilemmas (Ostrom 2009 ). These variables include: size of the resource system, predictability of system dynamics, productivity of the resource system, resource unit mobility, collective choice rules, the number of users, user leadership, norms and social capital among users, knowledge of the social-ecological system, and importance of the resource for users (Ostrom 2009 ). Many of these variables would most likely be important for soundscape management, in particular the number of users, knowledge of the soundscape system, importance of the resource, and user norms and social capital. Other variables that might limit or promote self-organization to manage soundscapes sustainably might include: lack of clear resource system boundaries, soundscape monitoring and sanctioning, national park unit rules, and federal policies. We use the SES framework to discuss a soundscape management study and to frame this study in the larger issue of soundscape management at national parks.
NPS soundscape management study

Methods
This study was designed to gain insight into soundscape management issues, in particular overflight impacts facing national parks. Twenty-five NPS units were randomly selected from a stratified sample of parks (n = 55) that were either prioritized for ATMPs or reported moderate to major air tour overflight concerns in a study by Voorhees and Krey (1999) . Natural resource managers with the greatest knowledge of their park's noise issues and soundscapes were identified by contacting the parks' natural resource division. The data were collected through phone interviews conducted from April 2007 through April 2008. The interviews ranged in length from 0.5 h to 1.5 h. Of the 25 parks contacted, 17 completed interviews for a 68% completion rate. A total of 23 individuals were interviewed in order to answer all of the primary questions for the 17 parks. While this may be considered a small sample size, recent investigations into qualitative research show that data saturation for some data sets can be achieved with 12 interviews (Guest et al. 2006 ). The interviews were recorded and transcribed verbatim and/or notes taken during the interview based on interviewee preference (following Wengraf 2001).
The interview format was semi-structured focusing on soundscape impacts in the park, specific aircraft noise impacts, and park soundscape management strategies. The interview guide ensured that the basic questions were covered and provided respondents the ability to elaborate or explain answers in-depth. The survey first addressed different types of noise sources, reflecting the types of subtractive soundscape users, and the perceived level of impact that they have on the park soundscape, visitors, and other park resources. The degree of impact was evaluated by the park managers on a scale of none, slight, moderate, and major impact. The managers had the opportunity to elaborate on responses as needed. Managers also had the opportunity to address noise sources that were not included in the provided list. From the noise sources provided or added, managers were asked to select the noise source of greatest management concern. Specific types of aircraft overflights were listed to determine if parks experience them and then identify the type of overflight that has the greatest negative impact on park visitors and resources. The interview also included questions about management actions for noise sources with the greatest perceived impacts and if the park was using any other soundscape management actions.
We analyzed the interview data in two steps in order to answer our research questions. First, the structured question responses were analyzed using descriptive statistics using Microsoft Excel to store and summarize data. Second, open-ended question responses addressing other aspects of soundscape management and the saliency of the issue at the park were coded by the SES themes of park governance strategies and acoustic monitoring (Ryan and Bernard 2003). For this paper the major themes, number of respondents, and representative quotes were organized in Microsoft Excel.
Results
Natural resource managers were asked to respond to the degree of impact that particular noise sources have on park soundscapes and park resources. The 17 parks reported an average of nine (minimum = 6; maximum = 16) different noise sources that have some degree of impact to park visitors or resources. Noise sources identified as having moderate and major impacts to park visitors and resources are summarized in Table 2 . Aircraft overflights were identified as having a serious impact (n = 8) and were identified as being the greatest management concern for 58.8% of the parks interviewed. While the parks selected for this study had air tour overflight concerns, several other noise sources were identified as having a serious or moderate impact on the parks. Traffic on park roads had moderate to serious impacts at 10 parks with one park reporting that it was the noise source of greatest management concern. Motorcycles were singled out from general traffic impacts and were cited by four parks as the noise source of greatest concern.
Other noise sources cited as being the greatest management concern by a park included park maintenance, park construction operations, snowmobiles, ATVs or ORVs, campground generators, and industry outside of the park. Other noise sources reported by parks had varying degrees of impact. Motorboats or watercraft had moderate to serious impacts at seven parks. Rowdy visitor generated sounds were reported by six parks as a moderate to serious concern. Park power sources or generators were mentioned by 12 parks, but only one had a serious impact. Traffic outside the park was identified as an issue at 12 parks, but only one identified it as a moderate concern.
The types of overflights the parks experience and type of greatest management concern are included in Table 3 . Air tour overflights were identified by 46.2% of the parks interviewed as being the overflight type of the greatest negative impact. The high percentage is expected due to the selected population from which the sample parks were drawn. High-elevation commercial overflights were cited by 25% of the parks as having the greatest negative impact. Six parks reported being under major commercial flight paths. Voorhees and Krey's (1999) results for overflight impacts park service-wide, military (26.1%) and general aviation (21.5%) were cited most often as moderate or major concern (Table 3) . Resource managers were also asked about acoustic monitoring and soundscape governance strategies. All but four of the parks included in the study (n = 13) had acoustic studies completed or were conducting long-term acoustic monitoring. The four parks that had no acoustic data mentioned that they would like soundscape and acoustic data for their parks. As one manager stated, ''It's really hard to talk about soundscapes without baseline data.'' Reflecting the diversity of parks and noise impacts, there are a variety of measures that parks are using to protect soundscapes and other park resources. Three of the parks mentioned using shuttle bus systems to decrease traffic noise. One resource manager stated, ''Before the shuttle bus system, it was basically a constant drone of cars.'' Other management strategies focused on park planning efforts, such as backcountry or wilderness management and winter-use planning. Only two parks were working towards a comprehensive soundscape management plan. Additional strategies included enforcing designated campground quiet hours, conducting maintenance and construction activities during low visitor-use, and providing educational materials about park soundscapes for visitors.
Governance strategies for overflights varied as well. For ATMP related strategies, one park was in the plan development phase and seven parks had acoustic monitoring conducted for the current or future work on an ATMP. Since national parks in Alaska are exempt from NPATMA, one Alaskan park in this study had created an advisory group of air tour overflight stakeholders to collaboratively develop an air tour plan for the park to address issues. For other types of aircraft overflights, few management strategies were mentioned by parks. The primary strategy mentioned by parks (n = 5) was to maintain a log of low flying aircraft. When possible the park would contact the airline, military, or air tour company to address maintaining minimum above ground levels or different routes to decrease noise impacts. The ability of aircraft noise to reach even remote areas is a management concern. As one manager stated in regard to aircraft overflights, ''The greatest impact is the intrusion into the otherwise relatively quiet wilderness experience.'' Discussion NPS case study discussion points Our study indicates that NPS supported efforts to address soundscape issues, such as NPATMA and NPS Management Policies (2006), are needed. Respondents identified a diversity of noise sources, or subtractive soundscape users, impacting the park resources and visitors. As mentioned in the methods, the sample of parks included in this research was drawn from parks with air tour overflight impacts or prioritized for an ATMP. Therefore, it is to be expected that the majority of respondents reported aircraft noise as being the noise source of greatest management concern and that air tours were the primary type of overflight causing the impacts. This study clearly identifies that managing air tours and Table 3 Number of park units that experience different overflight types and overflight types identified as having the greatest negative impact on park resources and visitors Overflight types that parks experience Number of parks (%) Greatest negative impact (%) Voorhees and Krey (1999) a (%) other types of aircraft overflights is still a salient issue for park resource managers. Continuing to develop ATMPs for parks should help address this predominant noise source issue for parks that are impacted. Alaskan parks are excluded from the air tour legislation, but one is working on a collaborative, self-organized alternative and will be an interesting case to follow in the future. As identified by park respondents, aircraft noise is not the only noise source impacting parks. The variety of noise sources mentioned as impacting park resources demonstrates both the unique nature of parks and the complexity of soundscape conservation. While clearly there is a role for regulating air tours and other specific instances of severe noise impacts to parks, incrementally regulating each type of noise pollution is not an efficient way to protect park soundscapes. For instance, parks that have a multitude of noise sources would have to develop and enforce individual noise regulations. Two parks in this study were working on developing soundscape management plans. This and other types of more holistic planning approaches to soundscape management seeks to understand the resource, identify what the quality of the resource should be maintained at or improved to, and then protected by overarching management actions (McCusker and Cahill 2010) .
Soundscape management planning and robust governance is supported by acoustic monitoring and research data (Ostrom 2005; McCusker and Cahill 2010) . Acoustic monitoring provides quantitative data about soundscapes, such as the percentage of time that an area does not exceed a certain sound level (Lynch et al. 2011) . All park managers in this study reported having acoustic monitoring conducted at the park or that they would like to have it reflecting the value of this type of information and the importance of understanding the resource system. However, acoustic data alone will not be enough to guide park management actions. Visitor perception studies, wildlife impact research, and a shared understanding of what constitutes acceptable sounds within a park are needed.
Soundscape management is made even more complex by the number of stakeholders involved. As planners and managers understand, solutions and plans are not based solely on data, but also human values (Lachapelle et al. 2003) . The case of snowmobiling in Yellowstone National Park highlights the multitude of values, including experiencing natural sounds, surrounding park use and the difficulty in developing an acceptable plan (Tranel and Hall 2003; Layzer 2006) . Generating greater knowledge among park visitors about soundscapes is one means to build awareness about the resource. Three parks in this study had some form of educational materials for visitors about soundscapes. A more comprehensive soundscape education program can be promoted in parks to begin creating a shared dialogue about the variety of values associated with park soundscapes.
The NPS has the Natural Sounds and Night Skies Division that was initiated by the passage of NPATMA. The Division assists parks with acoustic monitoring, ATMP development, and any acoustic issue. Several responding parks indicated that they had worked with or contacted the Division for soundscape expertise. The establishment of the Division is helping to improve the NPS knowledge base about the complexity of natural and unnatural sounds. It also reflects a unique multi-level governance structure that addresses NPS system-wide issues at the park unit scale.
Soundscape management by NPS serves as a unique case to study the benefits and challenges of treating soundscapes as a resource. NPATMA was identified as an important means to address the air tour overflight noise impacts. Yet, this federal policy only addresses one of many park soundscape impacts. A more comprehensive approach is needed that considers the subtractability of the soundscape resource for visitors and wildlife, the rights of different soundscape users, and how to manage soundscapes sustainably. CPR theory and its applications to park soundscape SESs can provide insights into how to continue the transition to soundscape management.
Applying CPR theory to soundscape management Three major ways have been developed to address CPR management: privatization (Demsetz 1967 ), government regulation or command-and-control (Hardin 1968 , and that people can or may self-govern or self-organize (Ostrom 1990) . Privatizing CPRs would result in the division of rights to access and control the resource. Privatization is seen as a market-based solution to better internalize the benefits and costs of individual actions (Demsetz 1967) . Hardin (1968) argues for government or private control of CPRs stating that individuals need external incentive to prohibit resource degradation and depletion. In contrast to these two previous means, Ostrom (1990) analyzed the third management option that collectively self-governing resources occurs and can manage CPRs. Privatization and government control supporters assume the rational actions of resource users and, therefore, the eventual ruin of the resource system. Ostrom (1990) argues that, in many studies that examined CPR systems, self-organized or selfgoverned institutions developed to manage CPRs sustainably. These institutions frequently were crafted by the users themselves whom developed a set of rules and norms for using the CPR (Ostrom 1990 ). In some instances, these institutions were backed by a mix government and/or private property rules (Ostrom 1990 ). Ostrom (1990) does not claim this is the best approach for all CPRs and many different variants of these three approaches currently are applied to CPRs (Dolsak and Ostrom 2003) .
In the United States, government regulation was the first approach used to manage noise. Motorized and other human-generated sounds are a negative externality of growing populations, transportation systems and poor planning. Coase (1960) argued that noise or other externalities could be considered a producer's right stating, ''The cost of exercising a right (of using a factor of production) is always the loss which is suffered elsewhere in consequence of the exercise of that right-the inability to cross land, to park a car, to build a house, to enjoy a view, to have peace and quiet, or to breathe clean air'' (pp. 22-23, emphasis added). To change this inequitable burden of noise pollution cost, the U.S. government passed the NCA in 1972. The U.S. Environmental Protection Agency was responsible for propagating regulations promote ''an environment for all Americans free from noise that jeopardizes their health or welfare'' (NCA 1972) . The noise pollution achievements made by the EPA ended less than 10 years later when in 1981 the Reagan Administration stopped funding the Office of Noise Abatement and Control ending the EPA's ability to enforce NCA. Although the policy was not withdrawn, funding has never been reinstated and no new national noise policy has replaced it. It is the contention of the authors, that moving from negative noise regulation to positive conservation of soundscapes as a CPR is an approach with promise.
The NCA recognized that humans have a right to an environment free from harmful levels of noise and sought to regulate sound level emissions. Today the NPS is transitioning to recognizing the soundscape as a resource that needs to be protected for the benefit of people and wildlife. Understanding the subtractive and non-subtractive uses of soundscapes will facilitate managing them. Typical CPRs often are thought of as a resource with one predominant use and one type of property right associated with it, such as a grazing pasture. However, Steins and Edwards (1999) identify the existence of complex, multiple-use CPR systems and define them as ''resources that are used for different types of extractive and non-extractive purposes by different stakeholder groups and are managed under a mixture of property right regimes'' (p. 242). Soundscapes fit this complex, multiple-uses category well. A challenge for the NPS will be recognizing the right of visitors to experience unimpaired park soundscapes, protecting the needs of wildlife, and finding a balance with the variety of subtractive noise generating activities that parks experience.
From this case study on national park soundscape management, we have identified many potentially important variables to consider for sustainable management of the resource. Several of these variables also were identified by Ostrom (2009) as increasing the likelihood of users to self-organize or self-govern the resource: the number of users, predictability of the soundscape system, knowledge of the resource system, and importance of the resource. Other important characteristics of national park soundscape SESs to consider are related to Ostrom's (2005) design principles for robust, long-enduring and successful, governance of CPRs. Principles to consider that emerged from this research included clearly defined boundaries of the resource system, monitoring of the biophysical environment and user behavior, and nested or multilayered governance systems. Within this unique resource system there are many challenges and opportunities for developing sustainable governance systems. Following, we describe the soundscape SES variables as they relate to key issues for achieving sustainable national park soundscape management.
Scale of soundscape impacts is diverse
Soundscapes are highly variable in space, time and composition (Pijanowski et al. 2011b ). Spatial Landscape Ecol (2011 ) 26:1311 -1326 1321 variability arises from the heterogeneity of sound sources; roads (anthrophony), rivers (geophony) and vocalizing animals (biophony) are located across a landscape in a complex spatial arrangement. Specific areas of the park may have very different soundscapes based on geologic features, habitat complexity, or bodies of water that are present. Sounds vary temporally, as well (e.g., birds sing most intensely during the dawn chorus and during the spring when they breed), with variable intensities (e.g., cars on a highway produce sounds that vary in amplitude depending upon speed), and thus give rise to complex temporal patterns. Some human activities that produce sound are highly variable or have a noticeable temporal pattern. Research by Krause and Gage (2003) at the Sequoia National Park showed that even in remote areas of the park airplane overflights occurred an average of six times per hour. The number of commercial flights in the United States is approximately 20,000 per day (Bureau of Transportation Statistics 2010). One manager interviewed noted the regular impacts from commercial overflights at their park stating, ''it's almost predictable when we are going to get the high-fliers.'' The predictability of the resource system has been found to be important for resource users to develop rules and is associated with self-organization to manage a resource (Ostrom 2009 ). Understanding how a park soundscape changes annually or daily or from one area to another can help in identifying important aspects of the soundscape to protect. There are many examples of how spatial and temporal patterns can provide information for managing soundscapes. For instance, unique soundscapes may occur during particular weather events at a park that can be pointed out for visitor awareness. Perhaps understanding how daily visitor patterns change soundscapes in different regions of the park can inform managers of more sensitive areas in which to decrease traffic. Managers can also benefit from knowing how park soundscapes change spatio-temporally, since soundscapes can be used as an indicator for human impact, a proxy for biodiversity, and potentially a means to track climate change effects (Pijanowski et al. 2011a) .
Monitoring soundscapes provides information on the spatio-temporal variations. The importance of monitoring data was identified by resource managers in this study. Much of the acoustic monitoring done at the responding park units was completed by the NPS Natural Sounds and Night Skies Division, since acoustic monitoring requires recording equipment, data storage capabilities, and data analysis expertise that might not be available at each park unit. Other forms of monitoring require varying levels of expertise from maintaining records of use, conducting visitor perception surveys, and monitoring wildlife impacts. Yet, the importance of understanding the resource was a common theme among managers. Providing information about park soundscape resources to both managers and users is a challenge that needs to be overcome.
Clear recognition of user rights
CPR theory developed to analyze how difficulty of exclusion, in some cases open access, and subtractability, affect resources. The lack of agreement between individual incentives and collective interests results in crowding, rent dissipation, and often resource depletion (Ostrom 1990 ). Schlager and Ostrom (1992) posit that the type of property rights a person holds influences the incentives, actions, and resource outcomes. Schlager and Ostrom (1992) separated property rights into different bundles of rights identifying 5 different types: access, withdrawal, management, exclusion, and alienation (Table 4 ). The rights described here are validated by rules recognized by law (de jure) or by resource user norms (de facto) (Schlager and Ostrom 1992) . For the most part, these property right bundles currently can be applied to national park soundscapes with the exception of the ''owner'' property right type.
The two soundscape ''authorized user'' groups represent the subtractive and non-subtractive users. For the NPS case, excluding users with ''withdrawal'' rights or norms is difficult in many cases, such as Yellowstone National Park and the use of snowmobiles. Another instance of norms is the use of aircraft for transportation in Alaska. Indicated by one resource manager, aircraft are considered a traditional mode of transportation and managing their use in national parks is a complex issue. The NPS essentially holds both management and exclusion rights for park resources within the bounds of federal laws. Yet, the NPS is still accountable to represent the interests of the public, which is ensured through different avenues, such as the National Environmental Policy Act planning process and the court system (Layzer 2006) . Management of any resource is difficult when attempting to change current rights and norms. The challenge for the NPS will be finding a balance between the access rights of visitors to quality soundscapes, withdrawal rights, and resource protection.
Recognizing the rights to access and norms of park soundscape users is an important factor to begin to align incentives and establish sustainable use rules. As indicated from the park manager interviews, there are many different soundscape users. There is likely an equal diversity of values associated with park soundscapes. However, it is unlikely that these authorized users are aware of each other's values or the degree of impact that they have on the resource. In order to create a setting where these norms are recognized, the battling recreationists could develop a new institutional arrangement. Following Ostrom (1990) , another approach to managing park soundscapes is to have self-governed institutions where the norms of all park users are recognized and respected.
Characteristics of the park soundscape SESs will make recognizing user rights and establishing user rules for sustainable management more or less challenging. First, soundscapes are not clearly identifiable, unlike their associated park unit boundaries. The lack of clear resource boundaries has been found to be a challenge for developing robust governance systems (Ostrom 2005) . In the case of aircraft flying over national parks, these withdrawal users are able to impact soundscapes without being in the park or even recognizing their subtraction to the resource. While NPATMA addresses air tours, this study and Voorhees and Krey (1999) found that military, general aviation, and high-elevation commercial overflights also cause impacts to parks. Similar issues for park soundscape subtractability are caused by adjacent land uses which the NPS has limited authority. These forms of soundscape impacts will prove challenging to address. Every national park soundscape is different based on location, park size, designated purpose, types of established uses, and number of visitors. These variations likely contribute to different management needs and user expectations for the soundscape resource. The site specific nature required for park soundscape management facilitates the need to develop self-organization of users at the park level. Ostrom (2005) includes in the robust CPR governance design principles that users need to be involved in the rule-making process by providing collectivechoice arrangements and conflict-resolution mechanisms. Designing a successful means to incorporate NPS and other users into the soundscape management process could improve the management of park soundscapes. As Sagoff (2004) indicates deliberation and collaboration are needed to learn and understand (Ostrom 2009 ). The NPS is also structured to provide a nested, or multi-layered governance system, for soundscapes. The presence of nested enterprises, in particular for large resource systems, has been found to promote robust governing institutions (Ostrom 2005) . The NPS Natural Sounds and Night Skies Division serves as a national scale communicator working with Department of Interior and assisting individual parks. Individual park units can then address soundscape management to meet those specific needs. The NPS Regional Offices could be designated a role for soundscape management, as well. This nested design promotes a dialogue on park soundscapes at the national, regional, and park unit scales. It can also provide technical support, financial resources, user conflict resolution mechanisms, and other governance activities (Ostrom 2005) .
A way forward
Using CPR theory, it can be recognized that the soundscape has a flow of benefits to many resource users: natural sounds, ecosystem function, cultural and historical heritage, silence or natural quiet, ability to communicate with one another, and even creating a sense of place (Krause 1987; Schafer 1994; Dumyahn and Pijanowski 2011) . So rather than viewing motorized recreation noise as only a negative externality to be regulated, we argue that soundscapes are a resource. The national parks hold in trust the resources for this and future generations. It is a right of the park visitors, and more broadly the general public, to access and experience these soundscapes. The soundscape resource is also important for many wildlife species, which in parks the NPS is responsible for protecting. From a CPR approach, it also can be recognized that some soundscape users contribute to the subtractability of soundscapes. To move forward, sustainable governance needs to balance the rights for soundscape access and withdrawal.
National park soundscapes serve as a unique case to advance applications of the SES framework and CPR theory. This research highlighted many SES variables for soundscapes that can facilitate or impede the ability to govern this resource, such as multiple users, unclear boundaries, knowledge and importance of the resource, ability to monitor soundscapes, and predictability of the resource. Future research on national park soundscape management can address further how critical these and other variables are to generating sustainable outcomes for soundscapes and users. Since each national park unit is unique, general agreements about how to design sustainable soundscape management can be devised, but likely there will not be an overarching panacea. The NPS has initiated several policies and actions to address soundscape management. Beginning with air tour overflight management and now spreading to park unit soundscape management plans the NPS is converging on a vision of soundscape quality in parks. The NPS can further acoustic research and understanding of soundscapes to develop both a broad vision of soundscape quality and park unit specific goals. Incorporating relevant actors for the development of specific park goals of soundscape quality can create a shared understanding of the resource, build capacity to address complex soundscape issues, and generate specific objectives for achieving soundscape conservation in parks. Communication between these otherwise non-communicating interests facilitates the means to reach the NPS mandated environmental quality. This discourse will improve the understanding of quality soundscapes as a right of all and will pave a way to establishing soundscape norms within parks. It is possible, and a reality, that individuals can organize and sustainably manage CPRs (Ostrom 1990; Ostrom et al. 1999) .
